Abstract. In its rst three years of operation, the COMPTEL instrument on the Compton Gamma-Ray Observatory has measured the locations (mean accuracy 1 ) and spectra (0.75{30 MeV) of 18 gamma-ray bursts and continues to observe new events at a rate of 1/month. With good angular resolution and sensitivity at MeV energies, the growing COMPTEL burst catalog is an important new piece of evidence in the on-going GRB mystery. The COMPTEL burst locations are consistent with an isotropic distribution of sources, yet the spatial coincidence of two of the bursts indicates the possibility of repetition. The COMPTEL burst spectra are in most cases consistent with a single power law model with spectral index in the range 2{3. However, two bursts show evidence of a spectral break in the MeV range. Measurement of rapid variability at MeV energies in the stronger bursts provides evidence that either the sources are nearby (within the Galaxy) or the gamma-ray emission is relativistically beamed. We present an overview of analysis results obtained from the COMPTEL burst catalog concentrating on the search for burst repetition and the implications of highly variable MeV emission.
COMPTEL Burst Observations
The COMPTEL instrument aboard the Compton Gamma Ray Observatory regularly observes MeV emission from gamma-ray burst (GRB) sources using its two independent measurement modes. A complete description of the instrument and its operation can be found in Sch onfelder et al. (1993) . Here we describe results from the analysis of burst locations and spectra (0.75{30 MeV) obtained with the main \imaging telescope". Bursts are identi ed in the telescope data by searching for signi cant excess emission at the times of all Compton{BATSE burst triggers whose positions are located within the 1 sr telescope eld-of-view. In the three year period from April 1991 through April 1994, 18 signi cant ( > 4 ) detections have been identi ed out of 190 candidate BATSE triggers. Lightcurves (125 s resolution), spectra and locations for each of these events have been computed, forming a good sample of unique burst measurements. 
Spatial Analysis
The COMPTEL gamma-ray bursts are localized through direct imaging using a maximum-likelihood technique (de Boer et al. 1992 ) that provides quantitative constraints on source directions and uxes. Statistical location accuracy (1 con dence) ranges from <0.5 for the strongest events to 2 for the weakest, with a mean of 1 for all 18 bursts. Systematic location errors are estimated to be < 0.5 . The COMPTEL burst locations are consistent with those computed by BATSE and EGRET as well as with Interplanetary Network (IPN; Hurley et al. 1994 ) timing annuli. Combination of COMPTEL and IPN data constrains the locations of 13 of the bursts to lie on thin ( arc-minute) arc segments that average only 1.4 in length. The lack of a signi cant o set (i.e., parallax) between COMPTEL burst localizations and IPN timing annuli provides a lower limit on the burst source distance. The strongest bursts (i.e., most accurate COMPTEL locations) must be farther than 100 AU to be consistent with the COMPTEL/IPN measurements at the 2 con dence level (including systematic e ects). The COMPTEL burst directions are consistent with an isotropic angular distribution of sources. For example, the Galactic dipole and quadrupole moments corrected for COMPTEL's non-uniform sky exposure are hcos i = ?0:13 0:14 and hsin 2 b ? 1 3 i = +0:01 0:07, respectively. This con rms the well-known result that the large scale angular distribution of strong bursts is consistent with isotropy. The small-scale distribution of COMPTEL burst directions as measured by the two-point angular correlation function w( ) is shown in Fig. 1a . The e ect of location errors has been included by randomly sampling points according to the COMPTEL burst images. The only signi cant deviation from isotropy is a sharp excess at small angles. This excess is caused by two bursts that originate from the same direction within their combined location errors (Fig. 1b) . The probability of this coincidence occurring by chance based on either angular correlation or nearest neighbor analyses is < 3%|suggesting the possibility of burst recurrence (Kippen et al. 1995) . Independent BATSE, EGRET and IPN locations of these two bursts can neither con rm, nor deny that they originated from a single source. Combination of COMPTEL and IPN measurements reduces the probability of a chance coincidence to 1.5%. The possibility that these two events are the result of gravitational lensing is excluded since the spectra and lightcurves di er considerably (Hanlon et al. 1995) .
Spectral Analysis
Due to poor statistics, burst spectra measured by the COMPTEL telescope are tted using a maximum-likelihood test (Cash 1979 ) and goodness-of-t is estimated through Monte Carlo simulation. The 18 time-averaged burst spectra measured by COMPTEL are all consistent with a single power law model above 1 MeV. Thermal bremsstrahlung, thermal synchrotron and exponential models can also adequately describe many of the individual spectra, but they are inconsistent with the full sample of bursts. The distribution of MeV power law spectral indices (Fig. 2) is consistent with that observed by SMM and BATSE (Matz et al. 1985; Band et al. 1993 ). Including data from 0.75{1 MeV, two bursts (GRB 910814 and GRB 940217) show marginal evidence of a spectral break around 1 MeV. Spectral breaks are seen clearly through comparisons between BATSE, COMPTEL and EGRET spectra. These comparisons show that above a spectral turnover (typically occurring in the BATSE energy range around a few hundred keV), burst spectra can be well described by a single power law \tail" out to several hundred MeV (see e.g., Winkler et al. 1995) . The intensity of MeV burst emission measured by COMPTEL is in many cases observed to vary on short time scales. Several of the bursts contain short ( 50{100 ms), high-intensity ( 20 photons cm ?2 s ?1 ) pulses of emission that are observed up to several MeV. The lack of a spectral cuto , combined with intense and rapid variability at high energies suggests that { pair production is ine cient at the burst emission sites. If the MeV emission is isotropic, COMPTEL observations suggest that the sources must be well within 1 kpc in order to avoid { attenuation (see Schmidt 1978) . If the burst sources are extragalactic, signi cant anisotropic beaming of the photons is required (e.g., due to bulk relativistic motion of the emitting plasma; Baring 1993). For instance, bulk Lorentz factors ? B > 10 2 are required if the sources are at cosmological distances 1 Gpc and moderate beaming (? B > 3) is required even if the sources are within 100 kpc.
Conclusions
COMPTEL measurements provide an important new source of information on the temporal and spectral characteristics of MeV burst emission and the small-scale angular distribution of burst sources. A larger sample of future bursts, combined with simultaneous measurements by BATSE, EGRET and Ulysses will allow us to study these fundamental properties in more detail.
